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Abstract

The construction and operation of the reservoir changed the hydrological regime of the downstream
river, resulting in the hydrological data series unable to meet the requirements of the consistency as-
sumption of flood frequency analysis. Based on the GAMLSS model, this paper built a time-varying P-III
distribution model with reservoir coefficient as a covariable. Maximum likelihood method and Q-Q dia-
gram fitting line method were used respectively to estimate the parameters of the time-varying P-III dis-
tribution model. The design flood of Baihetan reservoir during operation is deduced. The results show
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that the fitting effect of Q-Q map fitting line method is better than that of maximum likelihood method.
Compared with the original design value, the design flood peak, 3 d, 7 d, 15 d and 30 d of Baihetan Re-
servoir during the operation period of 1000 years are reduced by 26.2%, 25.1%, 23.8%, 22.7% and
24.4%, respectively.
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1. 51§

BTN K P RIS AT PR B BRI, A% GERIT K IIR 20Hr J7 i Btk i 51 Bl A2 ik Sr HL =) 73 A7 1
WA KRB BB RAR, B2 — B EOR 1] R E ORAK B TR B KT SRS - SL44-2006)
[2] (FIFR CRRTE D )P A K125 18 I Stk BERHA P-1N BUE 422:, SR %07 1 AN RE AR B Gt v 2 Bt I 7] 38 A0 BRI
NTRERRIN % &, HTBEOKHE MR 2 2 i A L 25 RS HUE,  (EAE /K is AT 8 B R rh s L AR 55 e X
B AT AR SR B 78 0 R K R a o T 52 3 L /K R ROV B 00, TR K ST IE 34 5 RARSRAF R LL A A T B35 A
o R R B BE TR 2t S ITOK SR ST IR 0 A tH SAS Y S5k SERnis AT 1 LA BUR 22 8,
T AT IV SR AT K B A R BB AT AR BE S, HESE IR T 78 20 R A3 7K P 28k AT 1l K Ao

THELISAT BT K 1 32 2R AR A K X AL RS2 AT AR — EOE KSR 247 [3], P H X ZH B MR i I
THERIAE, R R L AN fo T RE AL A BEAT 70 A v 55, AR [4155 R A RDIAVE 70 1 /N g /K i 52
RO PERERE M B BT BR s G5 SRR i /K P B R /N R T K R BT UK USRI . 3
[S155IE L BRSO 1 R XL Sk« B RIS DX AR L XTI AR R AR 5 B v IR B RN R R
X FH[6]5E MM Copula PRECENL 7 XPKHIERG 04, S I i T REd XA B i TH S . R [7]155 4 T
t-Copula B& B EE G ¥D VTN AR SR B 70 XK BT 5 20 A1 33 S DR Rg A% AR & TR JUK iz
AT EK, G5 REWIR B KRR & R, 10 KUK FEE AT ] 1000 @ icititig, 3d. 7 d HEEIEE
H 30%. AE B T RIBOKIR D T EEA PR IR © BEHAKCRRRS, @ RAEBTTE K
BORR 2 BUER, EAESSPR TAET, SRR BIEAAAE T ERS AT FE M R, HJE i S WA [R] I J A 8542
WIRZS[8]. @ MRIEAKSLRINEILAR—BEIR WA, Gl TR G 2 AR[9] AR AT [10] WHARRE TS
R[] [12] [131F AR — B By, Heeh, M AR FEVEHEAT /KSR BIAE— B i 78 3 E 2 B R R
[14] [15] [16] [17] [18].
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BAT BT ST i, KX 2 Rk AT B RS I K P (BT R BE RN, SRS BN R EE T SRR
HIPAGERE, XA R XA RRTT %, 82K ST IR UK. i AR EIRAS B A2 P-1N R A i A, )
FIN AR & TAREL P-1N BY A S J Bt (A AR IRFAE R AT 25 R8T SE KRB R, AR 1847 BTk e
NZAETEE, AICKHET GAMLSS B, Hyd LUK REUE A N AZ P-1N R A, 3 il sk FARK
ASRIZAT Q-Q BIELIE, fhiHIAZ P-1I U AT S KL, B EUASP ARG THT iR AL 55, HESR TS MK EE i AT
WK, O SRR UL R LB IR IR R 2%
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2. IKEEBITRAE—BME it 3k i 75 3%
2.1. BkEWIHRE
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B, R RBUK BRI I A 3R -
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2.2. BHES P-111 B4y FmiEal

Rigby #1 Stasinopoulos [19] [20]7£ 2005 442 Hi GAMLSS (Generalized Additive Models for Location, Scale and
Shape)fify, fEFETAIE. REZ. TAREESERIHRT CATmER . GAMLSS KR iR BN AL & 704 (115t
THEHN AR E R BRI, BA BRI, H T ALK S A AE— Bk e i [21] [22] [23]. BL=2
oAl A% GAMLSS 8R4« o, Fl o, 43 B AE—SUHERER A7 B T (y, | 6,) MBS AR AL L U RITEIR
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MIBER R, ATARE I A 2% () 7 ¥ B R A e PR S bR A, B AR SRR 2 In () 2 logit BRi %
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TG ag, A1 B RN RIS, RIS, TEARZS % o 5 P-1 BUATIR 28 2 S L IR A S e AR, 1T P-111 ZR A3 ¢
i 24 2 30 5 oA 7 SR K S, (RTE D] SR BB T s K BT R AR AR AR K I 2 BB O PR
HEERmIEL T, FEMELAN o 5 RUZEHF R RN, K R EIRSEARER [RAE .
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BT R RS IR, (5T SE, BEBRA G, () . g, () AR ARSI, g, () R
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2.3. BZ P-1I BSmSHfhit

1) Q-Q Bk

Q-Q K(Quantile-Quantile plot) & idid LA AN MEZ 0 AT I 70 A8, SRAS S8 7 81 43 A =& 75 AMBGA 7 A — 2
M TAG T E - REESr i (Location-scalefamily) 24 . AR Q-Q BILLEPFAN Sl ik /K £ B8 A 2 R A P-111
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REBPEAGIKEY =X Bk . TRz WRPMRS THAS, Wz WEK% 2R P(Z, <7} %
NN

Z =sort(y,), t=12--,n+a ©)

e sort(y,) Ay, RIIEH EE 7 LK SRR e 7 2.

AR Q-Q ARl FRURE WA o2 A9 () By SE AR e, R 8% v 2 AE AT VL AR 1) 75 M 22 2% LR Al o A 2 15
52 LHNEEER. BT Gamma #0415 P-111 BU AR FREH AL, KA Gamma 7347 i3 SR 43 A iR B AR
FAERE REE, B @) KEA n+ a AL 7 7o Rz hs Bl 453 Q-Q E:
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X Gz |, B) A ATREESS T Z, I Gamma 7373 (38 R BREG e B 735109 Gamma 7347 T IR |
RIEZH.
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2) Q-Q B

CRLE) [21HERER AT P-1N R 2R S0 S R BRMEA 1, IS LR A TRk SRIMAEAE— Bk T,
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BERLAS R, T4
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BIAWOKREAR SRR, BB Q-Q FIBLSG BN 45 P-11l BT 5L
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FIPE R, S P AT BE R B BT H I3t /K RS SRAE st A8 P-11 B A i T S BRI AR, SR CRTE) [2]HEFF 1 B 2
T FilE /ANHED, SRARET AR P-1N BY AR BT Ol A A S50, in=R(10)Fiar .

n+a

min SSD=>[G(z |a.8)-G (2 |a.p)] (10)

3) WRLUREE

FEMBE S BURTEOL T, SR AR R SRR AT DU BE A ADUR e BOBOK, Ui W I 8 S KRR A e AE AR Y
R AOR, IO BEAR AT MR B SO A o RO ABL IRV A 8 1 R 20 A1 PR (DA AR o i AL HEAT 2 2 fi
it 275 P SEHOKAEARS, AR n-1 TSI R B 5B a + | 35U KR (R B SE3E7K) A1) N-a-1 350 1) R B
FEARTE, TS E] n-1 BUSEI AR 515 N-a-| TR S ALK bR B T LT P29 4%, D Bl a8 B In L AT R7R 0

a+l _a_ | a+n-l
nL=3Int(y [REQ)+ N2 S 1t (y 1 R1 Q) (11)
t=1 - t=a+l+1

PR PERTBE BT B K BRI S B E A OAUSRTE AN Q-Q BIE LA Sl vHE, BIRELIR(11)
FARBR BT UM, 4R AN(10) 9 H br s B AT A, RAIAR R DE AL SR, A B 7 200 T S 4
(RIANEARE 1 o TR P-111 RO AT S MO IR i £ 10 R BRI 22, SR AT AR R A LIS 21 NI DL 2R,
AR AL TR S HED G AT, TS BRI AE P-11 B AT SO R ORISR SRR S Q .

2.4, BERTFMEN

1) K-S # %

K-S % (Kolmogorov-Smirnov test)5: T P47 51 1) AR 73 A1 bR oo 2538 70 A EAT LI, T H TR R 56
NGRS AR . K-S K56 1 FRAB 5N P AN FEA RS 1R 2856 43 A AR R — 20 A1, BUE 35 K78 0.05, 24
K-S K361 p KT 0.05 M ZRoR nl 4252 JR L

2) PRt BN

FRitAE B HE N (Akaikelnformation Criterion, AIC) & F T IS RS fE A1 &2 4 FE 4845, AIC iR/, U2 A
B 2% 2250 AR LA RO . BT CRIE) PP SEIZR 56 fi 4 AR 0 A B S 400 & R Ik 2
MYBFI AR B 72, (R B 2 IR IE R Z WML RS 04, W AIC ik =0N:

n+a

Z(yl —F(sort(y,)|RI; Q))2
AIC =2k +(n+a)In= T (12)

A kO ST S R
3) SrhLihZRE
G307 28 T DLW PP A B AR R A TR A T 1 07 DX 8] PN K SRR AS SR AR L [24] [25], DA
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F 1 &I EEH L 10 BEE S KBKEMHIESH

des ke UM pkum e WG BRI T SHLERIGW s
A4 ] 22 1618 8.05 1.73 1.73 2.4 2016
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Lub AR 23.74 1418 9.13 3.46 1.58 2.4 2012
LW Jpgr 24 1298 5.58 113 1.26 18 2014
RS 24.73 1223 17.18 3.76 5.64 2.16 2014
M 25.65 1134 22.5 5.55 5.42 3 2016
PRI 6.57 2865 108 65.6 21.44 3 2022
TR #E—% 10.26 1880 79.9 49.11 16 36 2014
b 11.64 1200 58 33.7 9 3.3 1999
&y BRE 40.61 975 74.08 30.2 24.4 10.2 2021
TR s 43.03 825 206.27 104 75 16 2022

2) BKBIELRF

P B /K 8 [ B il Ay sk, AR SOR P A, 1940~2020 £ESZIREOR 24115 1924, 1860, 1892,
1905, 1928 £ ) St KL R AN IEFE 251, Horh 1966 SRV /KHE H M R ACER, 7 sh /Kyt & SR o e
2 itz o NBRHIPME B RGBT, FEREATI AR -1 BU A AT S EU T, AREFUUK TR HEA AR o

2. T TR A LB HUK R R Bk HEF R E A

3 SR AR K 1924 £ 1860 4 1892 4E 1905 £ 1928 4 1966 4F
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3) KEER¥UTHE

FIF 4535 1940~2020 Sl H i s ok, AR (4) PR # 1L HoK EERRIEAE S L &KL, 43 it SR PE R
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3.2. BIZE P-11l BAS S HME T EZTH

£ GAMLSS AT IIAKEE R 3L RIAAE A&, R HINAR P-11 B0 AGASEAY, 43l FIRICOR ARV Q-Q
BIEZRIE, GTHZR P-IN B SEL, A SEIIRA A TR, IS EATEL AT . ONTER AR5
1, S8 o, v 0, FHUESZREAS P-11 B AG R EUE, 325 A — ANk AR B N 2B @) 0, %
o A FERFH RI AL KRR I EE, ZE45 PSS P-11 R ATREAI B, R 7 s KSR Ia 4y a + |, ok
BRIIH WAL . RBIREFNIE LA RN B SEA T HE WL 3, hETA: O K-S i3 p 35K T 0.05,
Wi BH JEUBAE S B R R B o A S AR P-11 B4 A A IR A X T80(0,1) L FI3 204347, [RI AT FEREAR P-111 A3E 2%
AT SEG @ HaE) T, ELIERRSRIER RN @, « @, YN TUER, UiE/KZE RELRI SEMRETAS P-1II
RSAHARIALE . RIESH, HXRAREY, = 8" +ay, WWHUKERE R 4K AR B A EE FIREAELE BT 5
@) &L SSD Al AIC {EI/NTARRASAREE,  UiHR G LI A8 P-11 B AR R4 & R T 4

3. BT P-I BN HSHMEILER

fitnE BokER e KSK% SsD  AIC
Wy (2% @y, Wy, Wy,
Qn 6.90 -1.73 6.98 -10.31 15.58 016  471x10" 12162
Wag 2.86 -2.20 1.49 -11.71 5.43 0.75 154x10*> 1133
D ONISTS Wig 3.03 -13.23 2.09 -9.04 8.56 0.96 6.83x10° 2432
Wisg 411 -4.16 2.69 -7.73 7.48 035 219x10° 349.1
Waoq 4.68 -0.83 3.31 -8.53 6.86 0.84 579x10° 3952
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Q-Q Eli&ELki% Wog 4.01 -9.95 2.63 -8.52 2.39 0.86 2.87x10° 2333
Wisg 4.39 —6.55 3.01 -5.66 4.03 029 1.33x10° 3095

Wioqg 4.94 —5.86 3.68 -9.91 3.90 0.45 250 x 10°  382.7
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3.3. BEMIKEEEITHAIR 3K

K EVESMEK PRI S 5 O K BERE R A1, TR Br 1939~2009 4F [ et /K BERHE K 3] 2020 4, fEH] 5
FIBEH B A KB A 7 ik RAZ R B R i R oK SR, IRt SRR R IR AIE 2k A5 1 1 E—
BRI LA FVRSREK AR B AT IR BT S R et KA, 28 RO BUR TR AN g 2
B8 H SR BHER LLEUE, XS R IR 4. 7TELE R AP AT H B oK B SA A RRE R T RE,
TEEIEAT RIS AT BT HOR S5 R T B LI BE LTI R A G 0 AR, B A — kA2 &, 10,000 i
THAOKE R ANE R R, 10 4 — BB OK R ANMER /N, TR — B R 3o Uk E, Q-Q Bli&sk
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3 4. BEHUKEANR K S BT KRR XL

Gt M Wiz p
THEIT
B AL Cv Cs 0.01%  0.10% 1% 2% 5% 10%
Qn 16,400  0.28 1.12 45700 38500 30,900 28500 25300 22,700
Wag 40 0.29 1.16 112 94.3 75.7 69.9 61.8 55.4
SRR Wog 86.2 0.28 1.12 238 200 161 149 132 119
Wisg 166 0.28 1.12 452 382 308 285 253 228
Waoq 297 0.27 1.08 794 673 545 505 449 405
Qn 13,600  0.24 0.51 29,100 25800 22,200 21,000 19,300 17,800
-36.3% —33.0% —28.2% —26.3% —23.7% —21.6%
Wag 34.0 0.22 0.86 76.2 66.4 55.9 52.6 478 44
-32.0% —29.6% —26.2% —247% -22.7%  —20.6%
Wog 68.4 0.27 0.68 164.9 143.5 120.2 112.6 101.8 92.9
PR AR L
-30.7% —28.3% —253% —244% —22.9% —21.9%
Wisg 143.6 0.23 0.73 318.0 278.9 236.5 2226 203.2 187.2
-29.6%  —27.0% -232% —21.9% -19.7% -17.9%
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Q-Q Kli&EZki%

—240% -23.8% —23.7% —23.8% —23.5% —23.4%
Wi 1375 025 1.00 3451 2954 2429 2262 203 184.3
—237%  -22.7%  —21.1% —20.6% -19.8%  —19.2%
Waq 2371 025 1.01 5947 5089 4182  389.3 3494  317.2
—251%  —24.4% -233% —22.9% -22.2% —21.7%
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